Objective: To study the epidemiological characteristics of hand, foot and mouth disease (HFMD) in Tongzhou District, Beijing between 2013 and 2017. Methods: Data on HFMD infections from 1 January 2013 to 31 December 2017 were collected from the Notifiable Infectious Diseases Reporting Information System and analysed. Serotyping of enteroviruses from samples from patients with HFMD was undertaken using reverse transcription-polymerase chain reaction. Results: A total of 15 341 patients with HFMD were reported and 32 patients (0.2%) were classified as having severe HFMD. The annual mean incidence rate of HFMD was 219.3/100 000 of the general population. The incidence and case-severity rates of HFMD generally decreased between 2013 and 2017. In the floating migrant population, the incidence and cases-severity rates of HFMD were significantly higher than in the local population. The peak incidence and severity-case rates were at 2 years of age and > 90% of patients were 5 years. Enterovirus A71 and Coxsackievirus A16 were the predominant pathogens in 2013-2017. Conclusions: During the 5-year period 2013-2017, the incidence rate and case-severity rate of HFMD generally decreased in Tongzhou District, Beijing. The floating migrant population and children 5 years of age were at the highest risk of HFMD.
Introduction
Hand, foot and mouth disease (HFMD) is an acute infectious disease caused by a group of human enteroviruses (EVs), such as Enterovirus A71 (EV-A71), Coxsackievirus A16 (CV-Al6) and others; and it mainly affects infants and children under 5 years old. 1, 2 It is characterized by fever and a maculopapular or vesicular rash on the hands, feet, mouth or other parts of the body. 3, 4 Although HFMD is a mild and self-limiting disease, and most sick infants or children can recuperate without complications, a few cases may progress to develop severe complications, such as neuronal pulmonary oedema, myocarditis and aseptic meningitis, causing fulminant cardiorespiratory failure or even death. 5, 6 Since 2008, approximately 1.4 million HFMD cases have been reported and approximately 400 patients have died annually in mainland China; 7 so HFMD has become a serious public health problem in China. Since 2 May 2008, HFMD has been categorized as a class C notifiable infectious disease in China and healthcare institutions are required to report it on the Notifiable Infectious Diseases Reporting Information System (NIDRIS) within 24 h. 8 The present study analysed the epidemiological and aetiological characteristics of HFMD cases in the Tongzhou District of Beijing City from 2013 to 2017 in order to provide a scientific basis for the diagnosis, treatment, prevention and control of the disease.
Patients and methods

Data collection
This retrospective epidemiological study collected data on cases of HFMD between 1 January 2013 and 31 December 2017 from the NIDRIS according to the date of onset. The data included demographic information, pathogenic information, case classification and disease severity.
The study was approved by the Ethics Committee of Tongzhou District Centre for Disease Control (TCDC) (no. 2018003). The patient or the patient's legal guardian provided written informed consent.
Case definitions
Any patient with a maculopapular or vesicular rash on the hands, feet, mouth or other parts of the body, with or without fever, was classified as a clinically-diagnosed case. 7 Clinically-diagnosed cases with laboratory evidence of EV infection detected by reverse transcription-polymerase chain reaction (RT-PCR) were classified as a laboratory-diagnosed case. Clinicallydiagnosed or laboratory-diagnosed cases with any cardiopulmonary complications and/or neurological complications were classified as a severe case.
Laboratory viral detection
A stool or throat swab sample was collected from patients in the acute phase of HFMD. Briefly, 1 g of stool or a throat swab was added to 5 ml 0.02 mM phosphate-buffered saline (pH 7.4) and vortexed for 1 min. The suspensions were centrifuged at 3000 g for 30 min at 4 C in an Eppendorf centrifuge (Eppendorf, Hamburg, Germany). Total RNA was extracted from the supernatant using a QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions. The serotypes of EV (including EV-A71, CV-A16 and other EVs without further serotype identification) were identified using a real-time RT-PCR Kit (DAAN Gene, Guangzhou, China). Positive PCR products of other EVs were sequenced directly using an ABI 3730XL automated sequencer (Applied Biosystems, Foster City, CA, USA) and all sequences were analysed using the Enterovirus Genotyping Tool for serotyping. 9 
Statistical analyses
All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). Data are presented as mean AE SD (range) or n (%) and the comparisons of proportions or rates were performed using v 2 -test. A P-value < 0.05 were considered statistically significant. Among the 15 341 patients, 90.5% (13 891 of 15 341 patients) were 0-5 years old and 71.2% (10 928 of 15 341 patients) were 0-3 years old. The median age of the patients was 2.7 years (interquartile range, 2.1-4.6 years). The peak incidence and peak case-severity rates of HFMD were both at 2 years of age ( Figure 2 ).
As the majority of patients (90.5%) were aged 0-5 years old, the incidence of HFMD was compared among two different populations aged 0-5 years. The incidence rate (4.49%; 5926 of 131 890 population) and case-severity rate (0.35%; 21 of 5926 patients) of HFMD in a floating population composed of migrants from other areas of China who did not have local household registration status were significantly higher than in the local resident population (3.91% [7965 of 203 577 population] and 0.13% [10 of 7965 patients], respectively) (P < 0.05). The incidence rate of HFMD in the local resident population was observed to decrease, as were the caseseverity rates of HFMD in the local resident and floating populations, but the incidence rate of HFMD in the floating population was relatively stable at approximately 4.49% (5926 of 131 890 population) across the 5-year period ( Figures 3 and 4 ).
An analysis was undertaken based on the rural and urban populations. The incidence rate (4.99%; 5939 of 119 063 population) of HFMD in the rural population was significantly higher than in the urban population (3.68%; 7964 of 216 404 population) (P < 0.05). Although the cases-severity rate (0.30%; 18 of 5939 population) of HFMD in the rural population was higher than in the urban population (0.16%; 13 of 7964 population), the difference was not significant. The incidence rate of HFMD in the urban population was observed to decrease, as were the case-severity rates of HFMD in the urban and rural populations, but the incidence rate of HFMD in the rural population fluctuated across the 5-year period (Figures 5 and 6 ).
Although cases of HFMD were reported every month during the 5-year period, the peak time-specific incidence was in June and July, followed by May and August, each year ( Figure 7) . A smaller peak occurred in October and November, and low levels of incidence occurred in December-March.
From 2013 to 2017, a total of 821 of 15 341 patients (5.35%) were classified as laboratory-diagnosed cases. The patients were predominantly infected with CV-A16 and EV-A71 in the 5-year period, followed by CV-A6 and CV-A10 (Table 1 ). The proportion of patients that were positive for CV-A16, EV-A71, CV-A6, CV-A10 and other EVs was 34.96% (287 of 821 patients), 30.21% (248 of 821 patients), 14.98% (123 of 821 patients), 12.18% (100 of 821 patients) and 7.67% (63 of 821 patients), respectively. In 2017, the proportion of patients infected with EV-A71 (24.77%; 54 of 218 patients) was higher than that for CV-A16 (22.48%; 49 of 218 patients). In addition, the proportion of patients infected with CV-A6 increased over time and it became the predominant serotype (31.33%; 26 of 83 patients) in 2016 and the subdominant serotype (22.94%: 50 of 218 patients) in 2017. In 32 patients with severe HFMD, EV-A71 was the major EV serotype over the 5-year period (26 of 32 patients; 81.25%) ( Table 2) .
Discussion
In the present study, the annual mean incidence rate and case-severity rate of HFMD was 219.3/100 000 and 0.2%, respectively, in the Tongzhou District of Beijing City between 1 January 2013 and 31 December 2017. The annual incidence rate was higher than the national mean (120.0/100 000) level from 2008 to 2012, but the caseseverity rate was lower than the national mean (1.1%). 7 The different study period and regional differences may account for the discrepancies. In this current study, 32 patients were classified as having severe HFMD and no deaths were reported. The incidence rates and case-severity rates of HFMD generally decreased from 2013 to 2017. In a previous study, the incidence rate and case-severity rate of HFMD both increased from 2006 to 2010; with 67 severe cases and three deaths. 10 The variations may be associated with improvements to the preventive and control measures carried out by the TCDC. In addition, vaccines against EV-A71-associated HFMD have been available in China since 2014.
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As EV-A71 had been identified as the predominant pathogen in severe cases of HFMD, 12 the use of vaccines may have also accounted for the reduced incidence rate of HFMD, especially for the decreasing case-severity rate. Unfortunately, this current study did not have access to the vaccine inoculation data for these current patients. The finding that the male-to-female ratio of .35) 5 (3.23) 4 (2.58) 2 (1.29) 3 (1.94) 3 (1.94) 155 (100.00) 2016 22 (26.51) 21 (25.30) 26 (31.33) 10 (12.05) 1 (1.20) 1 (1.20) 1 (1.20) 1 (1.20) 0 (0.00) .21) 123 (14.98) 100 (12.18) 23 (2.80) 16 (1.95) 8 (0.97) 9 (1.10) patients with HFMD was 1.5:1 in this current study was consistent with the results of studies in other districts of Beijing City 13, 14 and nationwide. 15 The age distribution of patients in this current study was similar to previous studies, 14, 16, 17 with children 5 years of age being the mostly frequently affected by HFMD. In the present study, the peak incidence and peak case-severity rates of HFMD were both at 2 years of age, but in previous studies, the peak incidence occurred at 1 year of age. [17] [18] [19] However, the variation between these peaks of incidence does not necessarily demonstrate a corresponding shift in the age distribution because the difference between 1 and 2 years of age may be not significant. In addition, the median age of the reported patients in the current study (2.7 years) was lower than that of a previous study undertaken in Beijing City (3.12 years). 20 China has the largest internal floating migrant population in the world; and in 2015, approximately 247 million Chinese were migratory, which accounted for 18% of the total population. 21 The floating population does not qualify for public health services and other assistance services in China, so they have a higher risk of infectious diseases. 22 In one study based on the stratified analysis of the population data, the incidence rate and the case-severity rate of HFMD was observed to be approximately twice as high among migrant children than local children and it was thought that the migrant young children played a central role in the transmission of HFMD in the community. 23 In the present study, both the incidence rate and case-severity rate of HFMD in the floating population were significantly higher than in the local resident population. Although the incidence rate of HFMD in the local resident population generally declined between 2013 and 2017, the incidence rate of HFMD in the floating population remained relatively stable. These results suggest that the floating population had a higher risk of HFMD compared with local residents and we recommend that prevention and control measures for HFMD should be strengthened in the floating population.
Some reports have demonstrated that the incidence rates of HFMD in urban areas is greater than in rural areas. 15, 24, 25 In contrast, the current results found that the rural population had significantly higher incidence rates than the urban population, which was consistent with a previous study in Tokyo. 26 Tongzhou District is a new developing area in Beijing, but the rural area has poor living conditions and poor sanitation, an ever-growing floating high-density population and poor quality of kindergartens. All of these factors may lead to a higher incidence of HFMD in the rural areas.
From the monthly distribution of HFMD data in the current study, the peak incidence was in June and July, followed by May and August, with low levels between December and March. The time patterns of HFMD in this study were similar to those observed in Northern China; however, Southern China experienced two outbreaks of HFMD that peaked in May and October each year. 7 Previous research has suggested that EV-A71 and CV-A16 were the most prevalent pathogens for HFMD, [27] [28] [29] but the occurrence of other EVs have been increasing since 2008. 30, 31 In the present study, eight serotypes of EVs were identified, including EV-A71, CV-A16, CV-A6, CV-A10, CV-A4, CV-A2, CV-A5 and CV-A8, from stool or throat swab samples from patients with HFMD. Of these, CV-A16 predominated between 2013 and 2017, followed by EV-A71, CV-A6 and CV-A10. In 2016, CV-A6 was the predominant EV; and EV-A71 predominated in 2017, followed by CV-A6. This is similar to the results of previous study undertaken in Beijing. 20 In different geographical areas in China, the aetiological spectrum was different. For example, in Suzhou between 2008 and 2013, EV-A71 was predominant, followed by CV-A16. 32 In Shanghai, EV-A71 was the most prevalent pathogen for HFMD, followed by CV-A10, CV-A6 and CV-A16 between 2010 and 2011. 33 In some areas of China, CV-A6 has replaced EV-A71 and CV-A16 to become the most prevalent pathogenic serotype in HFMD patients. 31, 34, 35 Therefore, physicians will need to play close attention to HMFD infections caused by other serotypes in addition to EV-A71 and CV-A16 in the future, such as CV-A6 and CV-A10. In the present study, EV-A71 was the most prevalent serotype in 32 patients with severe HFMD, which was consistent with a previous study. 36 This current study had several limitations. First, as HFMD is a self-limiting illness, patients may not have attended hospital, which would have made them untraceable by the surveillance system. Therefore, the number of patients with HFMD may have been underestimated. Secondly, there were relatively few laboratory-diagnosed cases in the study, which might have introduced an element of bias to the pathogen distribution of HFMD.
In conclusion, during the 5-year period 2013-2017, the incidence rate and caseseverity rate of HFMD generally decreased in Tongzhou District, Beijing. The floating migrant population and children 5 years of age were at the highest risk of HFMD. The peak month-specific incidence occurred in June and July, followed by May and August. Although EV-A71 and CV-A16 were the main causative pathogens of HFMD, CV-A6 has recently been emerging as another predominant serotype.
